A 25-year-old man developed tracheal stenosis due to prolonged intubation for five days. Immediately after bougienage, his left lung was not possible to ventilate and emergency tracheostomy was performed to produce ample space for airflow. Fiberoptic bronchoscopy showed that his left main bronchus was totally obstructed by sputum at the entrance of the superior and inferior lobar bronchi. Inadequate airway clearance increases the risk of infection and airway obstruction. We suggest chest physiotherapy be applied to all patients in the intensive care unit (ICU), especially patients with tracheal stenosis, due to its positive impact on pulmonary functional ability and ICU stay.
In the intensive care unit (ICU), endotracheal intubation is frequently performed to treat hypoxia due to cardiopulmonary dysfunction or to protect the airway; its complications include paratracheal trauma, bronchospasm, edema, tracheal stenosis, and tracheomalacia. Tracheal stenosis is rare; however, if it occurs, it is a difficult complication to manage. Despite the use of high volume-low pressure cuffed endotracheal tubes, the most common cause of tracheal stenosis is long-term intubation.
Complications occur in 6-22% of intubated patients and among those, severe complications occur in 1-2% of patients. [1, 2] Expectoration of sputum is affected by the thickness and amount of mucus and the diameter of the trachea. The smaller the airway diameter is, the thinner mucus layer required to expectorate sputum; thus, patients who have tracheal stenosis have a greater risk of infection and tracheal obstruction due to difficulties in expectorating sputum. [3] Tracheal bougienage enlarges the diameter of the trachea in order to protect the airway and faciliates sputum expectoration.
In our case, tracheal bougienage caused the accumulated sputum to move to a lower bronchus, which obstructed one lung completely, making ventilation impossible and causing hypoxia.
Complete obstruction of one lung after tracheal bougienage has not been reported before. Here, the authors report their experience with emergency tracheostomy after complete obstruction of one lung due to sputum immediately after tracheal bougienage.
CASE REPORT
A 25-year-old male, height 175 cm and weight 80 kg, underwent craniotomy and epidural hematoma removal due to head trauma. He was intubated for 5 days with an intraluminal 7.5 mm cuffed endotracheal tube (Mallinckrodt Hi-Lo TM, Mallinckrodt Medical Atholen, Ireland) and admitted to the ICU for postoperative care. Chest radiography and arterial blood gas analysis (ABGA) showed no abnormal findings. Endotracheal tube cuff pressure were measured by cuff pressure manometer (Mallinckrodt TM , Hennef, Germany) every 8 hours and maintained 20-22 mmHg. Endotracheal tube cuff volume was also checked daily by chest radiography. Since sedation was decreased to allow the patient to return to alertness, and no complications were identified, on postoperative day 5, we decided to extubate and transfer the patient to the general ward.
On postoperative day 25, the patient complained of dyspnea, and auscultation revealed stridor. We evaluated the patient with neck radiography (Fig. 1a ), and neck computed tomography, which showed a 3 cm long area of tracheal stenosis around the thyroid gland with the narrowest transverse tracheal diameter of 5.10 mm ( Fig. 1b ). ABGA showed pH 7.36, PCO2 49 mmHg, PO2 65 mmHg, and BE 5.1 mM. The patient was transferred back to the ICU where he received 2 L/min of oxygen via nasal cannula; however, 5 days later the patient complained of severe dyspnea with tachypnea of 26 breath/min, cyanosis on exam, and an arterial blood gas analysis showing pH 7.33, PCO2 52 mmHg, PO2 66 mmHg, and BE 0.5 mM. Oxygen saturation was 91%, and the decision was made to attempt intubation with an intraluminal 6.0 mm size tube. Because the diameter of the main trachea was too narrow to pass the endotracheal tube ( Fig. 2a ), we had to fix the endotracheal tube at 18 cm at teeth and endotracheal tube cuff pressure was maintained 20 mmHg. Postintubation chest radiography showed no abnormal findings (Fig. 2b ).
The patient's symptoms of tracheal stenosis persisted, and it is known that endotracheal intubation can worsen stenosis, so tracheal bougienage was chosen to relieve the symptoms. and no breath sounds in the left lung still were heard.
Tracheal obstruction due to edema of the left bronchus or bleeding of the tracheal tissue was suspected, so we observed the trachea via fiberoptic bronchoscopy. Even though the surgeons had suctioned massive amounts of sputum during tracheal bougienage, we discovered that the left main bronchus beyond the carina was completely obstructed by sputum, which made ventilation impossible (Fig. 3) . The area from the left main bronchus to the left upper and lower lobar bronchi was completely obstructed, so for 20 minutes we suctioned out sputum as much as possible via flexible fiberoscopy. After this, breath sounds could be heard from the left lung, the peak airway pressure decreased to 22 mmHg, and the plateau airway pressure decreased to 18 mmHg. Neither dyspnea nor tachypnea were observed after recovery from anesthesia. The patient was admitted to the ICU for further close observation.
Immediate postoperative chest X-ray in the ICU showed a newly developed, ill-defined hazy infiltration in the left lung ( Fig. 4a ), but ABGA showed pH 7.43, PCO2 48 mmHg, PO2 119 mmHg, and BE 6.5 mM with 3 L/min oxygen supplied. On postoperative day 3, the patient's symptoms resolved and ABGA and chest X-ray showed normal findings (Fig. 4b) . The patient was transferred to the general ward and experienced no additional complications. We tried chest physiotherapy techniques such as cough, postural drainage, and chest percussion, but their ability to expectorate sputum was limited secondary to the patient's low compliance.
DISCUSSION
Pulmonary pathology such as chronic obstructive pulmonary disease, asthma, bronchiectasis, and cystic fibrosis lead to mu-cus hypersecretion or dysfunction of mucus excretion, which result in bronchiolar obstruction and increased risk of infections.
[11] Patients with tracheal stenosis such as in this case may have complete obstruction of one lung. Hyperinflation of the lung with pressures greater than 40 cmH2O for over 2 seconds during the inspiratory period in intubated patient promotes excretion of sputum and mucus and is reported to reduce early pulmonary complications. [12] Coughing is the most effective treatment in chest physiotherapy. ques, it could be applied to patients effectively. [16] Standardizing protocols of chest percussion to speeds of 3-6 Hz for 10-20 minutes causes air turbulence and compression so as to not only mobilize airway secretions but also to normalize the perfusion to ventilation ratio and functional residual capacity. [14, 17] Other methods, including high frequency chest wall compression, positive expiratory pressure therapy, and mucolytic therapy such as n-acetyl cysteine, are used to decrease the amount of mucus.
Its mechanism involves
Short-term research confirms that chest physiotherapy helps mobilize airway secretions, [18] and has a positive impact on pulmonary functional ability, shortening ICU stays. [19, 20] Intubated patients in the ICU should always be monitored for the development of tracheal stenosis, as the accumulated sputum from tracheal stenosis can decrease ventilation by obstructing the trachea. We experienced a case of acute tracheal obstruction due to accumulated sputum that moved to the lower trachea after tracheal bougienage, which was undertaken in an effort to widen the tracheal diameter. We suggest chest physiotherapy be applied widely and aggressively to prevent mucus accumulation and tracheal obstruction for patients with respiratory depression in the ICU.
